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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a magnetoresistive effect element which can solve the 
problem raised by the conventional magnetoresistive effect element having a seed layer under an 
antiferromagnetic layer, wherein the element is not able to cope with narrowed tracks, because 
no sufficient bias magnetic field can be applied to a free magnetic layer and the magnetic track 
width of the element becomes wider.SOLUTION: In this magnetoresistive effect element, both 
end faces of a multilayered film 31 containing the seed layer 25 are formed in slopes which are 
continuous from the upper surface to the lower end of the film 31 and bottom raising layers 32, 
bias base layers 33, and hard bias layers 34 are successively laminated upon the end faces 31a 
in this order. Consequently, the magnetic track width of the element can be reduced and the 
hard bias layers 34 having strong coercive forces can be faced to each other on both sides of the 
free magnetic layer 29 while the layers 34 have sufficient volumes. Therefore, the free magnetic 
layer 29 can be formed appropriately in a single magnetic domain. 
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itrmwu TxTimzstitz&mx'?>tm>u r 
xm(orm\i. miy o-wtmnTwx o trratfi 

y -{Stt^^TMi o i±iatfiffr s - k i 
w ztazxvmiy v-ffltm<7>fBimz+tt%mii£ 

tt&mi'UTxmZttftZit&ZktfX'Z. 15127 

[00481 iteWWITIi. mE»j£ffl±tcmiEliUi 

lw±ffi{i. ME7y-Kttif«±Bpi:N-jS±(cfi:S 
^-|>*\ $>|.^{iH(ffi7y-Sttlco±®J:0t>±ffi!^ 
&Stl.^t*>*»4L^. 

[00491 ZillzX oTlulBA- KVnM 7^1*^1 

myv-mmtz-t-ft&WTxmfttmiX'Z. mm 

{cb?E7 y -iSttJiO©fl:o#©K'lbSrCijt ZM:hZ k 
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[0050] tttmix-it. mtfiv- km ^mit. 

m>k£.1i&cr) (111) Wfo&WifobirjjgkO ( 1 1 

o) w#i^&mm®tt®mz\Mimmt®m 
ai6]?r. < 1 1 1 ) M*flBfcKrtj&tf* m 

1 0 0 5 ] ] t tM&- h'M *WSMKStCfc <& i 

fiie^- km ^JHtc*aw-*<o* i t ** 
-e^-g.. mnf*m\x'\i. »£v-km+jbol n 

i FeY^i (fcJt'LYli. Cr, Rh, Ta. Hf. 
N b . Z r , T i *^Stfit-&^< fc t> 1 StLt ) T 

ifcioifiTflyiJi. Ta. Hf. Nb, Z 
r. Ti. Mo. W<Vol?>J?%<bi>imj±X'B!8.2 

[0052] mz-^miiz&vhmmmmm^nm: 
mumt±. &.T<r)xmz&t& z t ^mmb-th^cnx- 
hi. 

( a ) mmmm?cm!£M±.iz. th-^- hp 
-r-wr s^iatts. msmm. immwa. w 
7 »j -w&mm^znm lx zmmm-zxn t . 

(b) U7K*7ffll^'XhJI£B^ljg|±<9-SW;: 

t » BiTlfi 'J 7 K * 7 ffi U K JltcgfcftT tvSrv* 

v&mm&wi,z±Mfrt>Tm{ l zipvxmmffi$:B&-?& 
nut .(c) mmi&mnmmiWznLxm 1 m 
A- y ?m-mnjg.e 1 ^it-aa/** ? 
asrffl^T. m&mmtmmizimthmmfmt 
tatBf jb £j£is-f ais t „ ( d ) Bir^«s<osi: 

^|6l(:*rL-CI5ie^ 1 coxn v :/WA3tftJg0 1 «t *) 

yt'-Axn-yfmzm^x . miias±tf^±{:A*>fT 

XTtt^Srfi^t . ( e ) bu^a'^ TXTifi® 
.(f) mlfi'J 7 h^yMUiSx 

hmzmz-t&iM. ±szco£diz*miX'i±. 
V? h*7mu¥xhmzmm-t&tmx\ ^wmm 
wmmmmm.. mfmt^mwmmmxzm 
mzti&jgjiim. >utxtw§. jutxm. mm 
fg<ox/*y tfgmzn o z k #-e£ . mmmj^m? 
v)wmxB&®%{t ■ mat-tz z t a*T& s . 
[oo53] t tz*mtcit. mffif8m<mwjfaiz 

MIX. Miami WX^y??i^AStftg<?l£82<7) 



[0054] *fc**WrCfcL ft ftWfc(±B?faSB 1 <7)X 

rtyf&TZMift&eni. o° ja_teio' &ltt$> 
v.W3M2<7>xKy?%L?xmftm0 2i±, 15° a 
±X'6o* w.TX'h&zkmi£H\ ^Jtiofftt 

<i230* J3LtT60' JaTT&l.. 
[0055] 4fc*WHTIi % ME ( c ) XfmS 

-fT^Ttf!B«ISS^£Lfc^|gJ?*\ Biffin- Fl^ 
>f^lSlXR^tt@<0lgJ?^JS.L^^fllifc7)3 0% 
£LLi3r& iit, MlElLBfSRtW 77T«»B£ 

«§w-*^fc*WiU>. .r^ctOBuie/NMrxTtfi 

-hft&ft*£WL-t*t|S]3-t!:5.I t § . 

[ o o 5 6 3 ££#&<yn^ jfrfg ( d ) xmx. «m 
'U7XTvm*&kim±frh. w§£7v-mm<r> 
mmmMzmx lx imt& z t amt t\>\ 
[0057] ^fc*«BBT*(i. m§i ( d ) xmzs^ 
x. miyv-mftmcojsimktfLmzti&JUTxTm 

m±xff)m±}m&wu TXTwaommz&itz®. 

Smmco 0 %Vl±.X*7 o %vxrt z& x o tc. u 

rxTwazfmtzztmn^. zinzx^xm 
&u rxmfrt,<?)'U rxmftt: Kne7 »j -Mitat 

Eifc-t^. z t s . ttemmv't^ miiMckmit 
if 1 . msmms±x'<7)^kifmRWu Txyimwwk 

5£rMLfciig£lS^5%jyj:r 5 0%J3lTfc^Si d 
fc. B!i^^TXTfl!tl&lSIS-rS^i:*U 0»i I 

[0058] 4^*|&BBT1i. BU^ ( d ) XUiZti^ 
T. ffi^^Si±-C<7)Biriefi±(fS^^LT^J«$ii.S 
A'^TXT«ll<0±ili**. BU«7U-lSttJi<0TlB^T 
filfcftSf & J; ^ fc. mis ( c ) XgKfe«tl.E±{f 
RX/mB ( d ) xmztM&msl>U7XTim£ 

imth z b tfm u\ ztuz j: oiubam txtsu 
m±.izf8m$iii,/u 7xmz. 7 t J-®&m<mMtz 
-WZimznixtttoZit&zb&x-zz. 

[0059] tttftWX'U. malie) IgfcSi» 

t . mffifflfi±izffisz&±.im&w u rxrmm s 
ttLfc&ST-coBqieAM rx^co±E*fi^7 y-©e 
S^OTWct 0 i>±®£&W3-& J; 3 fc % ME/W 77,1 

wax-iz&mti&'UTxmz. 7u-jstts«Mffly 

[0060] ^^*%BBT(i. mm^smikWM r 
xTwat&izttii'Bffi&frb c c mmcom t&m&x\ 
m>xK-y?vfmf&zbwmL\.\ mmzum 
mjimm>U7XTvmzmzc rmx-m&h 
zb#m ztuzx *)ma&±smRwv rx 
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[oo6i] ittmi-a&wm&±tf mzmttwc 

mmm-7-±iz±m* ,rm*it Lx±&i/->i> v 
[0062] zfuzx *)*mwxu. msBMcmftk* 

[oo63] tttrnxte. msBEOffim&f-* 

ZkffX-Zl. 
[0064] 

im^ms&<mm] mm, *%mizmz>% 1 <m 
[oo65]0i tzjfitmams^v mmimi 

[0066] gfcffmn&i'v? Kd. witfr^s 

^— f^y^-A'-Yh (Al 2 0 3 -Ti C) T»JRS*1 

[ 0 0 6 7 ] HI t^tfi^- 2 0(2. T&is-lV YMX' 
fiETlBS'— JI/KJI2 Ol±N i F e^^-tr^ 

[0068] l5ffiTgP^-;t- KJf 2 0±fc(iA 1 2 o 3 ^ 
S i 0 1 *£<nmffim?)T&*\ vTfS2 umtfL 

[ 0 0 6 9 ] -e LT fiflfiTiB^ 7712 1 ±fc««fi 

tmm&mtftx'hh. kit. BuEffl^ja!n^**T2 

[0070] t-r . wetw** -y 2 i <r>±m m 
fmBimm : mBf$m2 1 a) nwuxt^ ^-hu 

4-\'«25aM$ivt02>. huIB^-KW j V®2 5 
Ttf>S2 3 fc . %£3»l-4-&K!ftftttlB 2 6 1 COS 
Hi ¥ff=5:*T6lKffi^4^ra<?) (Ill) nbttHfle 
McUSf) (110) IQ#fi4mLfc?Mffl»ffi&& 
^SfttmtWJftdiubSM 2 4 A>115iiTM 



[ 0 0 7 1 ] ffi§j&>"- H W 4 * )B 2 5 (i-Jf <7^m8ttW 

itTv^Tfciv^ 85IBffilnl®2 4^gfiiiliPi$-Si-& 
fcWcli«*ITr"JM2 3#*J&£3fVt^S###i L 

[0072] BflETlftl23{± v Ta, Hf . Nb, Z 
r, Ti, Mo, W<r)ot>'J?tc<ti>lfm±.XBj8.Z 

tihztwmLw ttzffi§?mfam2 4i±, ±m<ox 
3 £wmtfthhWimffimix'BftLZti&i>\ mz 

&&nttmx-BtftZtLhclttfntl^. 1ijtEffiI*]J12 
4imHiNiFeY^±(tztlLY^ Cr. Rh. 
Ta, Hf , Nb, Zr, T i A»^iM{f#i|,^< fc {, 

ffifaJl 2 4(iN i F e C r ££-C«Jl£§*t6 CI t tf£ 0 
Bu£ffi|«0l24^) (111) ffiSr, i>)jH8 
(c£3$«ttJl2 6 t^mt^^Umzm^iM^^: 

[0 07 3]|ifEiM®24^iClkSUJiT^Si:. f&gg 

-f&wmm 3 6 a^tsni. xmffi.omns- h l-t 
x^xmszikm (amr) &i«i±$-ii-*^fc*«TS. 

[ 0 0 7 4 ] luie K U >f ^® 2 5 (0 o *>lwlBT 
H!« 2 3 <± 0 AfiLhT 5 0 AfcrFfSjg?)!gJ?T\ S|6]^ 

2 4 ii i o Atufc i o o kvxmm<r)®m;Bfczti 

1 0 0 7 5 ] Klzmi K P -V^ 2 5 c?)±t:{i^ 
®ttJI2 6a«$*i.S. rateS5UStta2 6li. 7C* 
X (^rfiLXIi, Pt, Pd, I r, Rh, Ru, Os 
no%im£tzli2m£±kcr)j£mX'$>&) fcMnfcSr-i- 

^itmKmmm2 6it. ytmxtTtmx - ^ (tz 

tzLfiMX' {±, Ne, Ar, Kr, Xe, Be, B, 
C, N, Mg, Al, Si, P, Ti, V, Cr, F 
e, Co, Ni, Cu, Zn, Ga, Ge, Zr, N 
b. Mo, Ag, Cd, Sn, Hf . Ta, W, Re, 

a u , Pb. &vm±mnmcr) 3 *> 1 a*^(i 2«jy± 
<r>7mxhz> ) t m n ti&t&sammtm:* m 

[0076] ztit><o%3mmmi£. m&&tzmtiL 
ru * y ?m. t m< mzimt&mjmmm 2 
7 kmmx*$%izmti£m%z&kLm. ttzm 

s&£3m&m 2 6 (i 5 0 A&JbT' 2 5 0 AfelT(0)^?-C' 

[0077] *^BBT-(iiO«t 3 tfiiaR^lSttS 2 6 
£B<Bf&.-f&c\tffT$&fzit). tm?hfe±im3 

2 (omm^^iz^m t^t< . 7 «j -®tt® 29^^ 

[0078] ±^L^J:3(Cnie^-KU-f^2 5 
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(4. MliIR3£K«:^2 6i:<OffaDtW^(ii](««i 

-ft&<r> din mhhwtMtitfi&P) ( 1 1 o ) m 

tf&fiMftlX^&ZkX. iJ?lfiv-KU^-\'®2 5± 

izmtfLztiz>%>&mm2 6<r> ( i i i ) ®. zt>w± 
H5iaK^mi4«2 6±.izmf£2ti&m<?> < i i i ) as 

(AMR) £fa±£tf&Cfc*nijf}g-C'S>&. 

[0079] mz fmamm 2 6(7)±(riiia^figitt 

S2 7*^l££frC^I>. BufE@59attl2 7(±N i F 
e£&, CoFe^l Co, CoNi Fefr&kiilZ 

4: t\ MlfiSI^fiattS 2 7 1 RSHSttB 2 6 1 CDISWC 

«t^*«MS^«»fc j: o , mteiasmffia 2 7 OK 
htfiig (@*Y^-[fij) tc&SfclijgSfts. m 

Mg&ttJf 2 7 J42 0 AJa±T6 0 A £mij£OMJ* 

[0080] nasm&atm 2 7 o±t{iiHa«:#m« 

*. BaI^JStt^«S2 8*±0Utf2 5 Aggcojg^-C 

[0081] fticflHBigtiHMra 2 8 «±*:tt7 y - 

8ttl2 9#gj£3ft.&. 1ME7y-Btt!l2 9li, N 
i Fe^i, CoFe^ Co, CoNi Fe££& 
tlzX 9JRft&h.6. ifclufB? 9-181412 9<i, 2 
0 AtLhT'4 0 AOTS£<DlB5-eS&ft£*tS £ t m 

it, fiisNatt^m® 2 s k *wrt-*«fc:c o mmm 

®28t<0|fBBT'^E7^^)teit^Bfiil:'C#, &ft 
Sft* ( AGMR) £±£<-f&Zt#T£Z,. 

[0082] mzm&y y H»ew 2 9 qj^usri 

3 0#8£3*lft . MieffigB3 0«iT a$ri'T'«*j£$ 
ill . BolfiCSa® 3 0 OKJf li 3 0 AfHSTj) £> . 
[0083] **Sftt4, 0 1 fcSrf «k 3 (eJbfBLfclu 

hmmut. hy (®*xm) tzm 

&MIi8ffi3 la. 31aA«, ffislis- h*W -VS 2 5 
OTHA^ItfEftg^ 3 0 c0±BD*-ea^L^^fflt 

[oo84] mzmm 1 li^-rg-i^a^ffitsssa 

^i^ffMil2 1 a±tl£iUi. mI£#SK3 1W 

mz^isAhmzmhixz^^msizmm i<nm® 

[oo85] *%wz'ii. mszzmmmmz-kx 
ixmmfm2 1 a^naj-r5^-c'^<x-yf-y 

«$nfcl!fle^®M3 l(7)^ffl!ISa53 1 a 



?)H5!d$j£ii2 l aCc*H-£tS£ 

§ . fltttf D£#JBR 3 1 £12 1 tStt J: o te&l&tfiX* 

ffMT# & . c: <07ty>B?ie7 y -attti 2 9 a h ? •? ? 
mamm< mnmzws&m>%*%m lim* 

&m®C(0fkZ^£5\^tcMRM:hy>y?m (Ma 
g-Tw) **3<T*. ^«W)«h9v?'fl;fc*fj6ar 

[ 0 0 8 6 ] Z LT*#»Ctt. Mf5£fi!g 3 1 W^fflS 

3. A-K^TXJi34. +R8E35, 1«136, 

av«8W3 7*«**i-e*HMi$*iT^4. *ifc:ov\ 

T(i±(c@ 2 L*#&»5N-S . 
[ 0 0 8 7 J ® 2 (i, H 1 fcjj^iOfflBl^ » KOtiM 

[0088] H2 fcsrf J: ? fctwutJtwi 3 2«flfie 

£«8t3 1 <7)Mfflffl«c7)^|£iia2 1 a±fc»|fcS*u K 
£JltJ:*fS 3 2^#«|g3 1 fia^fflS3 2 ali. 
flK3 lconm^M3 1 afc«LT©l«$ni,. KflBS 
±ff!3 2<i, «EK±WW3 2±{CaMTXT«H3 
3 ^LTJRfiStL«/v- hVNV TXl 3 4 SrmflE^lS 

)«3 i«pmww«mr«vMaarjBSL. mis^y-at 
[00893 imtz, wsfimtmRti xotz.mm 

B±WM3 2{±. xrc??OR s 1?IB»«ffl2 1 atJt 

;^fc»frEis±HW3 2fc«. ne#Jiit3 losd 

WM3 1 a±*=»->T«E»Wl3 0*|(Wc*<B^4 
£BWi]M$^^. 02t*-t±dt. WBfcBf 
S3 2c?)±®3 2 btt. i?a^B&Bii2 1 at*JOT1r^ 

[0090] *£&*%msma£M±w m 3 2 <r>±m 3 

2bli. R3liattig2 6«OTTiD2 6aJ:0t±ffl) (H^ 
Z^ri&j) IZ&WlT^&ZtfiWtlW ZtHzX^X 

wb/n- rxa 3 4 . »ra^affi3 1 <mmm 
mnz&^xm^imxB$.TZ . «E7yHWM2 

9«pf«fl{c-H]-^^5rWLT*f|t>l$*-6C:i:*rartgT- 

[00913 »:{c@2 tc^-r «t a fcB?ies±«f 1 3 2± 
*»6t»ianR3 ioMiassffl3 1 aiiawr-x-fr 

XTJOT3 3>WBJ«5*LT^4. «E/WTXTitl3 
3(4, m&&±.im3 2±.&Bf&Ztl&mK3 3 a 
t, I3S!^J|R3 l<r>M®%M3 1 a±^oTMie(R 
SS3 0^|6jtEl/SSaigB3 3bkTmtfLZtlh. 

[00923 <mth mftmxmwtm •? . mat* 

A TATtm 3 3 ZmtStf- h t * Orofy&J*® 2 1 a c7) 

±(f S3 2 <mm^r>x^y fftTMtnme 1 i 9 1 
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[0093] zixizX -oTmife^ 7XTffiB3 3 <±. 
M£&±<fB3 2±W*&£>-f£B§!3 1 <7)M«ffi3 

[0094] 5r*>*HBjrm s 15IB^1JS3 1 OMffl^g 
M3 1 a*<TBa*^±ffltAHtTj$giL/iiS^Bni: LT 

ill. A-fTXTlfiB 3 3 <0Tfe. naie^-KU^^2 
5&tfR5$«ttB 2 6tm&Ztl%\,\ Z<Vtzibm&'< 
TXTiftS 3 3 tfiwtev- H H ^ B 2 5&1/S3I& 
ttS2 6^SE[*I<7)^^(tl.^fc«^\ ioT 
TXTJ6S3 3±(^)«$ix^yN- rx 
B3 4<?)m8JjZ±$ <?Z>Z ttMffiX'hh. 
[0095] ittmiTlt. 15fSBj£iB2 1 a±_izB 
«$ft£t«iElBUi<f B 3 2 1 . BQlfi/^ TXTHSB 3 3 
fc<0H)¥£J5i L£*g£!SgH i Ji, mife&3£8ttB 2 6 

ti/-vu4 j rm25k nmmzg-iti&iifmH 2 tc 

*fL3 0%£LhT**SC:i:*W*L^. «fc 
*)mmzmi>V 7XTJ6B3 3±fc»B;*iU>A-K 

A>r txb 3 4 £ £BJ£3 1 ^filfSJSrt-cmv^gtc 

- 15157 'J-attB 2 9<7>^{|)£+#&fl:«£ 
WLT*t|6]$-£3> £ i#-C£ h . 
[0096] £ fc*^rtt. f»i£®2 1 a_tT<9 
mtaK±(fB3 2«KJfH3«. 8 0A£LL-Cfc&,r£ 
*W*U\ i^l?IB^fi!4B82 1a±tJSJi{fB3 2£ 

3 5 AfeLtT'5 0 AfilTC** Z ktfftg. U>„ 

[0 0 97] ^^tcio-c. xvmmzim^TXT 

«!B3 3_tfcfltl3ft.4;\- K'<4 7XB3 4 ££B§! 
3 1 OMfi!tfgt£l*iTif ^imiZffi&TZ . f51B7 'J HB 
14B2 9<0Mia»c+^^««^LT*t|n|$-l*:&i t*< 

[0098] <H£«B/<>f T^TtfeB 3 3±«±; s- H 

^ rxm 3 4 *>m$ii& . *awrc«, bm&bb 

21a ±tCjg±(fB 3 2 &tf/\'-f TXTiffiB 3 3 £ fl- L 
*rftfi. -r^^ld^^WTXTtftBS 3<?mBS53 3 
a±tfc{tS . 1512^- KAM TXB 3 4cOTffi3 4 a 
H?iE7 y-fiBttB2 9<7)Tffi2 9 a J: 0 fcH^TIffl 

(H*z^rr6ico^^ri6)) tcftgu floMieTfflSSSs 

a±fcttft&|fflj>y\-KK>f 7*XB34<7)±ffi3 4 b 

a, H?ie7 u -mm 2 9 otb 2 9 a «t 0 t>a^±ra 

T tufa/ v- K/<4 TXB 3 4 £ . 85127 'J -StttB 2 9 

[0099] $ t>l,z^nX'\t. IMlomtfLlzMz-Tm 
lflA*4 TXTWB 3 3<WHS?3 3 a±|C&(t&it£A 
-K/<4 TXB3 4c0±ffi3 4 b(i, U5127 'J-«KteB 
290±H2 9btR-®±fc:{5^-|,^, £>&n{±15 
fe7y-JSttB2 9cr>±ffi2 9bJ;0iia^±ia (0^ 



TIj127 ';-SttB2 9«DTffi2 9 a&t/±ffi2 9 bA> 

mmms2 1 atw&^fttcf&gigD. E£3i 
nw* i«^Big3 i<oMmm®£i5v&2*<7)mi 

EPMCU. A'47XTlftB3 3c0&tligK3 3 
b t'\- *J*4 TXM 3 4 cr>*.tf&{Et &z t 
*\ Mia^-K>'NMTXB34)!i^J:0-H)'^>'WTX 

«#£t5£7 «j -©ttB 2 9 t{<t&-f s c: t mmz% 

[ 0 1 0 0 1 z<r)£ 0 iz*ms?\t. mi&mwi 3 1 <r> 
mmmmz&Bm3 2&wu rxT®m3 3imm 

S#lTV>*fc*>, TXTi&m 3 3±{C«BSil 

*A-HA>frxB3 4*. 1^7'J-{S1tB2 9<7)M 

*\ $^>{c*^BB-C{i. 02^HMJg®^id{c. a- 
KAMTXB34 tHaS7 U-«ttB2 9fc«c«. 
Me<^W<>f TXTlftB 3 3 OMtBSB 3 3 WiMttt. 
•+bt&>. HE'S— hV\*>f TXB 3 4frt>W TXJg 

JK^S: B?E7 U -®ttB 2 9 fcft^-C^ 6 «k d fc*-jT 

[0101] *f|BBT'(i. Hff|g^^Ba2 1 a t^Fff^ 
mztHtb^ l5E7»J-@[ttB2 9cOMffi3^iS3 1 at 
A-K/^rxB34 t«13£0«±gEg|L 1 . -T^ib*> 
H2<D3y&$ST'li, fjia7!l-?attB2 90Mffllt^ 
JftSft^^ TXTH6B3 3£0gaigP3 3 biOmi^^; 
ffl 2 1 a fc ¥ff ^|6l^.<7)feyg^{i, 1 0 0 AWTT' 
^BE$^l»C:i:*s»tLv^ e tO»*t«i2 0AJ.lli 
-C5 0AWT-C*$. 

[0102] *fc#f|HB-CJi. mW&$M2 latffif 

^ifeitctjft*. may o-m&m29<mm%m3 1 

atA- hV\*>f TXB 3 4 1 cOHcoftTcgEgiL 1 . t% 

hhm2 commm-mm? v -mm 2 9 coseat 

JBE^iifc^^ TXTfftB 3 3 ^gffigf 3 3b 015120 
KB21a i: W^^flSj^Oft^pjpi, mie^j£ffi2 
1 a±tm$^jtJSJ:tfB3 2S^B0feA*>f TXTifi 
B 3 3?>JIJS£ jg. L^^KiSH 1 (c« L 7 0 %iaTT' 

«*%rSfflJ4 1 0 0 ktXTX'hb Z b i>W£ Lv \. £ 
K . MiafiTcK^imfE^^IS^ H 1 L 5 %Ja±T 
5 0%JaTT'*l > Cfc^J:Oa : tLV\ ^rfc^Ofc^o 
flBg±«Jfcoft«cW=3:a<U± 2 0 AfeLL 5 0 AT$>& 

ztmtL\,\ 

[0103] ±SL^^«KfflrtTi>/t{f . buISa — K 

*u rxm 3 4 a^uie? u -satttB 2 9 izrnitc*.* 
m 2 9 <omfc&m*xjifaizmmzmmfct& z t 
[0104] itz^mxu. 02i:^ri oiz % ffie 

TXTt&M 3 3^@{fjgl53 3 bt¥i§.&3 3&b<?> 
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a *~C<r>mtBim2 1 a 4: W^^rt^v^atL 2 
i>\ ffiBBl8m2 1 a±tC^^$^E±{f^3 2&l^ 
»W TXTtm33c7)mmt:&Lt:®&WmH 1 

[ 0 1 0 5 J •£ LTiwIfi/N- W<i 7XM3 4±fc{i, 
Ta^^-C®fiE$iT/^Hait^'fli®3 5096foRS*l x 
iBaW'ISWSSifcli. «®1 3 6*98*3*1, $^>t 

[0106] &lCjJBL2fclE±Wi3 2 „ /fcf T*Tift 
S 3 3 <0««{;o^TWTT'UiB^tl, . 

[01 073 *»W«4. WERJUfJi3 2li. giStil 
StfNrttfAIIHI ( b c cffiii) eD&MI£C»j£S*lS 

zttfm lw tizmmzffl&u 7xtws3 3 
%>. ttim^fcc^tijitm < b c ens) cd&jbis-c 

TfftSc^JeffiifiKi (110) BB*«g5feSil^-f &. 
[0108] iJB^i -p (c*5I^T'{i. 7 XT 

*fiiS3 3 <0T*:. S"-KH -Wi2 5&tfKSfcflN£Ja2 

UBt**Mi''4SflBS ( b c c mm) tacEfciarcs 
a. 

[01093 ioi d^rteSflSit&tmBlieiBitt^^rf 

J: ->T luIB&JUf 1 3 2 Jttf'<4 TXTUSJI 
3 3 SrJgfig-f SSili, WEA-f TXTUSJI3 3±fc» 
f£.ZtL&'\- YtU TXM 3 4 VMWlZWhhtdftV 

[01 10] Haf2;v-K;\'4 7XS3 4te. CoPt£ 
^>C o P t C r ftftfrgTJMSft* . Ztlt>&&<7) 

&£kmm.ii. ffi'biLttm. (fee) tmwttmm 

(hep) nfflSbioX^Z. 
[0111] ZZT±McD£mmX'Bl&Ztltz'V TA 
Tim 32tA- HAM 7^1 3 4 tUftf* CoPt 

C o P t&it&i f c cfifj£$:Bfi!tLo'£>< h c pffjS 

xB&$ii*?i-<%&. dcot^hc pmmncmtc 

o P t^^cO^B5rt(c^5tE|6j$^.§„ ftgh c p 

ffi&ii fee ffiiStcit^T c dwrrtuyts snssyi^rtt 
[0112] *HHjrii. ttAWH^ftiriiiB ( b 

ccfgjl) O&KRtt. Cr, W. Mo, V, Mn, N 

b. Ta»n-«i3&»iaifcji2«eui«jei?t»iss 
fu..rfca>mu\ 

[0113] £ fc^lSBfrCli, Buld&±*f a 3 2 fc y\M 

rxrm 3 3 km ismm-BRnti* t sstxe 
mmwu TATm3 3\m\zc rwzm&tit 



[0114] %&mi<r>S. o Hzmm±W M 3 2t>V 

rxTtm 3 3 ttmz® t^mmx'B\&$iifz^z 
@2t^-rjg±tf®3 2 k>u Txrmm3 3k<r> 
mm±*wmz%&i)K frfrim£xi>mn&±.im3 
2 t/u t Arm 3 3 fc itzirnvht^^ 

[0115] tth*>mz&<*zi at. 15127 'JHg 
ttS2 9c7)SSIHJgffi3 1 atA-KAMTXl34t«0 

mofe^iii l i #>\ Huieig^ig^H i t*t l 7 o %m 
m3 3<7)mftFfrt>mB2am i<vmm%m3 1 a 2 

TONSIL 2 BUietg^MJ?H 1 IZ$ 1 2 0 %W±-C 
5 0%felTTft&«^Ki4. lu^±(fS3 2^®figM 

2 1 aizHummmiiftcoxrtymi-xffltiigX'B 

«LT*^. B?£JiLh(fS3 2<7))BimJ:0i>fW>tffi 
V >fc#iaw>>f ^ XBBJfCVNV TXTIfiS 3 3 ^ j£H LT 

[0116] */vr*IS^-eii. BflEKitfl 3 2liim 
ttmz£~>XBf&Zti.Z^Xl>£^. mi&&®ttmiz 

it. m&frbHmt&mztix^hA 1 t o 3 *s i o 

2 ^fc'lrfflV^^fc*«T'#l.. 
[0117] *HBflt1iB?iaS±Jfe3 2 tJGKfmfc: 
■t^T^-t&^fcT-. |y|B^SIg31<7>mffi!im^-e 

it. msmmmm? 2 2 1 rm m 2 0 m>*? 
hzkti^azxhh. 

[0118] %&*%WXltmiT&^ 77121): 

iugfi±ff m 3 2 fc zmnimtimz x ->xb&ix 

t^L, mttmtmizJ:->XBlG.lXi>3:\<\ 
[0119]* LX*%fflXiSm 1 iz^-f X o tz . mii 

Bf$M2 1 *±m&zixtzmimmm)m?2 2 
<o±.iz\^ mmmkcoi.®** >, rm 3 svb®.z 
tt. mihu**vTm3&n±.wmmttm<r)±ffl 
i/~>um3 9m&zh?>. 
[0 1 20] m3X'iz. tm^7XTim3 3^mm 

(@*x*i6i) izm&mm8w±.iz£xm/xBtfL2 
tix^%w frfrmm>mni. mg.7*)-®&m29 

<r)ffiffl%Mt,zWms\~ YjU TXM 3 4 ««W . 
m2lz*-?mX88&L HiOAfc^rO. £timB&tM 
1 JiBuffllLBf m 3 2 fc v\M TXTJftS 3 3 tfOMif 

S:^ itzmsimiztt io%t%&. 

[ 0 1 2 1 ] * £03 T'li. Bgg^M 7XT«1^ 3 3« 
5£iUg|53 3 b(i. #Jgtt^m®2 8^0a3gH±(C^T' 
WT^SitS^ mm&&3 3b<?>Bf8.Q.mi. 

mmmimw§28£*)i>T®x'i>±\\ z^zmi 

>U 7XTWM 3 3 KfctMfBSai& 3 3 htfBtf&iVZ 
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mtSMBm 3 2±*>*c#ifc;3*i4 Z t tz%h . 

iznm&min&u TZTWS3 30&mm 1 m 
own*, mtzmm iombbs 1 a.izmtxm 

[0122] *%Hfl-tii, ®i%^im3^?zm® 
3 1 <?>miM®<7)®mi±. mwmwL3 lmm^-th 
®m&tm&m?izim'f h z t h . 
[o 1 23] @4 *%ffltzm&m2<?ymmfm 

mim^ -y K SrfEli&f*: t </>#fiii»^Jl.£&#»r 
BB0-C&&. &i50 lfc^-lWJ|^t«r^*<#$nT 

[0 1 24] H4fcHlfc<0«»5li, H£fiKttJI2 7 
1-®ttJl2 9«flfiefc*ft. S l-CI±B5ail£ 
6ttt)§ 2 7&tf7 'JH8ttJf2 9{±«t#^f^j£$il 

■o**** H4-c{±ME@sjse®2 7a^y-Ktt 
s 2 9 agtc 3 ji^mfts tix t, . 
[0125] firraagtts 2 7 6^4 0 & 
if a 2 (aiuMtBre* 0 . mtac o -cmtfLztiz . 

wiam&m4 0, 4 2mzltRu%£?Bf£.2tifz*ffl 

m4 1 m&u zcommzx <o . miagHsm 0 tnu 

I2&ttJl4 2^-fb^|6j{±S^tR^tf«®fc$itS. 

immmm 2 7 ^t^ss Lfcttat-c* . * fc» 
teiat&tti 2 7 £ R&EgttJi 2 6 1 oifcmm-r & 

[0126] [S)8(-7 D -fiStttJi 2 9 -kma-hft^A 

3m45<7)m\i.co%z<mw§-cb*). mm&m 

4 3, 4 5S(=Ru^ri:'^Sl4 4^ftt$ 0 Zix 

iz£r>ximm&m4 3, 4 scofi^tJisv^cRwt 

£*u inffE? U-lSttJl 2 9^saMfc*3cfeLfc*ttWrC 
# . 4 3.44 0®$«fl|Jf 

Jf4 3 , 4 4 *^|^5«#{dtt LKW^^^^Rg 
L^r<3rD. #4^Ofa±£0&.rfca*T'§&. 

[0127] ^t>m!d7 x vw&\mm&m 21 mf 
y o-m&m 2 9 fr--}j\ l zi5\^xm&L2ixT^ 

[oi28] i)t mmmm4 0,42 ai.xm&m4 

3 , 4 5<?)WiJHZZti?il 1 0— 7 0 AWzX'Bf&Zti 
h. *.tz*?W§4\, 4 4 0)W£Hi 3a~1 0 ASfiT' 

[ 0 1 2 9 ] 04 {C*-mSI^S(Ci>V >T t, , »4 
6<0gTS«iy-H^^-^S2 5-CS)»). ££151^1 
M4 6<y)h7>y?ifl:fcri»] (0^X^|6j) £gft*ffMtt 
ffi4 6a, 4 6ali fifEi'— )*l"i-YM2 5C0TBD* 1 
£ESJf3 0O±TO~£T'iI8rtl>fg3Mfc : $:^T^ 
h . £ ^^fmeH^fiSttl 2 6 OghFBlEl&lfcSi. . £ 



4 Txrmm 3 3 vtnuz «m^- h v a 2 5m 

Km®&M2 6ttB&.Zti%\^t>. Mi'UYAT® 
S3 35rf5r^<^S B B B jffil6)t«^. mB>U7XTim3 
3±WMI £il&^- K'W 7*JI3 4c7>fiUg;Jj£*g i 

[0130] itiwmmm4 6mmm®£^ ill 

Jf 1 3 2 £ & d t Tffifi3tt<0*# V v\- H^nM T 
xM 3 4 ^7 »J-?SttB2 9«P3Hfc+#&lgJ¥£#L 
T»|S|$*4ii:3&fr*. ^luS7'J-lS1tll2 9fc 
y\- h'y\M rxm 3 4 fflizftft? h>U TXTWM 3 3 

<?)mmm<Bi8X'$2>ztij>t>. jwia/x-bv^rx 
M34frt>wu r x&m may v-m&m 2 9t+ 
^<c«^t^ , i?ie7 'j-iatt® 2 9^«jaE^ffiji 

[oi3i] m5te*m\tz&v&m3<rmimm<7)m 
[01321S1 iz^-tmmm^-y h 1 0 5 

!8®£5v^'yHi:c0fflS^li. ^1IS4 9<0«®I8)$1;J, 
05-C{±7'J-fi5ttB2 9^±(C. &«*m&£V> 
<i#Ett&«?>C u , Au, Ag*>W*^'7?) { l4 
7A^j£§tiTV^. tt:tm'*>y?m4 7<?>±izB 
«§il-S«S«4 8tiTa>3ri:*>^0. -e^ffi*^ 

1 0 1 3 3 ] finel y 7 KJ14 7 #£jft£*U C 1 1 «fc 

>- ) ^iHCfcttST^Iftaig (mean free 
path) ^SlfL. V«|,xey7^^-^* 
(spin filter effect) (Ci 

[0134] %&z<r>mjmmizti^x t, mimmm 

M2 imf/iizkty >)-W&M29*m4 tmmizy 
±Vffimx-Bf8.lXi>£\\ 

[oi35] 0 5 iZK-tmmmiz&ux i> . zmm 

9 cofiTSJiv— FU-4 J r@2 5T^0. S fcffi^^il 
K4 9<y)h5>yi/«i^|6] (0^X*|6)) tfcft^fflSg 
I49a, 4 9ali, falB>'— H UJ^VM 2 5 OTffiA* 

^^ftiwES3$SttB2 6^ H a H i;i6l^fii.. fi 
fii^t^S:±#<-Cl=5fc*tc. fflEm&«F5rh5>y^(B 
(Mag-Tw) Sr/h§ < vm h y -y 7ttK*ftf*r& 

TXTlfiB 3 3 ^TffltffE VU4*m25&V 

Kmwm2 6\wf8LHti%\^t>. ffis&u rxrm 
m3 3 mfevM&mwz&ib^ rxrm 3 

3±K*JI£*lS/v- H/\'>f TX® 3 4 c0»{g^^^# 
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to 1 36] ttimmmm wmMmmMt, ®_t 

im 3 2 JMt £> i t TUWWTiZ V v\- H t 
XM 3 4 Sr 7 L) -Sttl 2 9 ^WBC-M^^iW* W L 
T*tl&l $ £ k tfX'* . i tzWl7 y -JSItS 2 9 
y\- F/n*4 TXl 3 4 fig^to^'S A4 7XTtfi! 3 3 

m3 4 frcwu Txm-zwm.? y -afti 2 9 t+ 
jMcflaa-e^ . 15^7 y 2 9 w«« <es 

[0137] 06 ittftwizinihm nmsmm 

[0 1 38] Hloanra'V?F£B6am8£l"t 

[0 1391H6TH. £SJBS5 0<0jl_tJIi:&a«g 
13 0*>\ JSSvWfrF^y^fll (Mag-Tw) OUstf 

mi%\W&mc±.lzii&&ZiiX\.^\ 
[0140] * tTH6lc*t«ll0Bnrcii. IffiPRS 
«WC±«BULfc«E7 U HKttJf 2 9±fc*T1ME 
WW3 636(«JBIJLTJBlRS*lTV»6. :«KtJ6 

HiiEm«i^3 6*>tc7)-byxms£i±. emw^rh7 

•y7«i (Mag-Tw) <0^«K5 0rt£fi8fel/tSS 

& Z k S . Z<?)t:ib'<W\W>S4 Xtfft 
■t&ZkffX'Zh. 

[0141] %}5®4(D£ 5 £®&mm2 iw/± 
is± ? y -mm 2 9 £ 7 x y nmx-m&Lx lxw 
[0142] H6fc*tsot«s«£4juT«>, $>mms 
o<^&TJi(i>'-FW-\yi2 5r$>9. t^mi&m 

BB50a, 5 0ali. ti^- FM-V12 5<7)Ta*> 
£7 y-«tt*2 9cO±Mc*T'ill&t£fPi» =Sr-» 
TW»4 . ico^fneR^SttS 2 6 WSSSEflS: S 

?"H (Mag-Tw) $r/jN§<T#^h7-y^-(bt^i5 

*im%mm$^ f .r t s . * fcm 

ifiA-f 7 XTifil 3 3 OTMtz msHs- F W -^1 2 5 

Tlfia3 3^0r^<7)ISaEl»ltc^. fgie^MTXTlfi 
S3 3±(C«UiS#i4/\- KA-f 7XJI 34<m&Jl& 

[0143] t^«i^jifli5 oomhowcu. JS± 

(f fl 3 2 £#jftt* - fc TfMBE*^** I vv- F a*4 T 



XJ§ 3 4 £ 7 'J -®tt@ 2 9 OPf Mfc-HWrRWfc L 
-C*Ti&i^i*r-&c: t*^^ . iKmB7 0-m&m2 9t 
a- F A>f 7X1 3 4 Hfttttf * AW 7XTH6S 3 3 
«>NKJf<JMtC**£l:*6. rofBA-FA-frx 

s 3 4 *>t,w^ 7x&#£ «E7 y -istta 2 9 ic+ 
»fc«»T* , Mfie7 o-mm 2 9<^Bmmtam 

$#2>ZktfX'Z&. 

[0144] 07«, *fg«Bfci5*t6m5c0lBSegl^) 

[0145] 3^HM0B»iH5 t|a|at^ll5 1 C 
A' y ^ F* 4 7 *^(t ^it^fiK&X'fc 0. S CH 6 k 

i^«tBfrSA*. y ^ f«4 7±fca»t^*ifcflaw4 8*>' 

^mW^T Y-7v9tK& (Mag— Tw) rt(CCOA)g«$ 

[ 0 1 4 6 ] * LTfiffamS!3 6 {i. fffB^' y ? FS 
4 7^^BSH«C±ti-t'®tf $^T^$tlT^S. 

[0147] itfjmjst!** k . mMmmm 3 6 fs>t><r> 

*LVAW$i\t. ®5ff)%h7v?m (Mag-Tw) <T> 

mwk5 1 mm;Lx%ti. mm^^mciz^ntt 

SI^B-b yxmfc&Zltmi- h z k tfX'% h . z<r>t:sb 

ww* ^-b*y j 4 ximsL uz < vvfr m&xmizm 
iu^mmss^f ) ; zwm-&zktfx'$&. 
[oi48] &1304 & x 0 izmzsmm 2 1 w/t 
tiH7 y -eft® 2 9 1 7 * y fiiit-c-^ lt t, ± >. 

[0149] 07tC^-f^5^®(CfcV^-Ct>. £«flS5 
1 <0gTlli^- F W A \M 2 5 Tfe 0 . * ^ B?ie#l 
K51<7)h7>y^ti^r|6] (B*X^|6)) (cfcJt^Ca^ 
I51a, 51alJ. H^ES^— F U-Y -\rl 2 5 cOTffl* 1 

b7v-mffii29cr>±mizix'mittzm®Mk%-? 
•tv>£. ^^*ii5iaR^ffittti2 6^ n B H i;^^g 

^I(Mag-Tw) £'bZ<X'Zmh7 y<7itl,ZWfc 

^mzmm&^ »/ f zmmtz zktfx-zz. t^m 

H&'U 7XT«6S33^TtB!l(cflffi^-FU>f-V12 5 

at^^iattB 2 6ii»*$*i*v^^. iflifiAW rx 

T18W3 3 ^)5r^<0JS B B a ii!l^(ce*». m§&>U TXTlfi 
S3 3±t««3<XSA-FA*>f 7X13 4<D&m)Z 

±*<x-*&. 

[0150] &t:mimm5 1 <rmmswwi* js± 

frf 1 3 2 ^^-TS C fc -CS?i^^# \ v\- F/nM 7 
XI 3 4 £ 7 y HSttS 2 9 <0M(»(c-H)-=5rlgJf L 
XftfoZit&ZktfX'Z. ttzm§i7>)-m&m2 9k 
7*m34mzftlE$h>U7ATim3 3 

<owmm<B$x'%hzkfrt>. Mte/N-FvuTx 
m 3Ais>t><r»M 7AW&* mi.7 'j -warn 2 9 tz+ 
Mzmx'% , wz7 'j -mam 2 9(nmm.{& m. 

ZitZZktfX-ZZ. 
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[0151] M8it. *wm%e<vmwmtm mm 

[01521 zwfmmmizm&mnmmmmTs 
sit. T^r^x^y^ivymmm^x-h*). %mm 

5 5(4. £$$681*12 6 S 

IM&141 2 7 . INStt^l 2 8. 7 'J -©ttl 2 

9 . im&mm 5 2 . ranes 5 3 . Rs&tatti 5 

4. M^S3l3 0c7)J8f-C«l;Sfl£. 
[0 15 3]&i>2~*7)B5£IHtl27. 5 3tt#fcH 

fltaHbtrassfu urny u 2 9 us 

[0 154] r A7-;i/xe>A^yMmig«^T«. 13 

n& 0 . m^f&a^i &mmK imyv -m&m 2 
9kTmizBtiL2ti£.fflm&m27m. &xms&yv 
-mtm 29 1 ±mizBi&2 ftfcsjastts 5 3 isto 2 

[0 1 5 5] m8iz7fi-?mmmiz}5^xi>. $m®5 
K5 5<7)h7-y^«a*|pi (0^x^ri6j) ttstt&wBiss 

H5 5a, 5 5a«u ISlEi'- K 1^-^12 5 <75TS*> 
£>«fcgl 3 0<7)±fflt*Tji^-tSfi^Bi t SroT H 

^^a6fne^:si)sttt^2 6<7)*g l f H ffiifii5-st, is 

(Mag-Tw) £>bZ<TZmh7v?Mz$tm«im 

<< T xTifcl 3 3 OTGQfc: maii^- KW-\rl2 52kXf 
K5$&ttl2 6«i^£*i.&-Ui>^ m&'UT XTt& 
13 3 £ J9f^*g H B nffi(&lt«*> . BUfeA-r TXTUS1 3 

[0156] t tzmi^mm 5 snmmmmizii. s± 

{f Jg 3 2 & i t X&miW±Z V v\- KAM r 

xm34*yv -mm 2 9 <rmutz+to%Bmtt t 

XttftZit&ZtffX'Z. £tzffi§i7V-W&m2 9t 

a- hv\*-f rxi 3 4 isttf-a-rs^ txtmm 3 3 
cojSJPi>?f<$j£-c# ifg/N-KM'-Y rx 

13 4 frt»ff»U TxmR £ 15157 'J -{gttl 2 9 (c+ 
. h5E7 'J -581412 9?>iiU&E'fb£{et 

[0157] &i>H4coJ: 3 £@£5tttl2 7 . 5 3#. 

/£ tti 7 >j -®tm 2 9 £ 7 x 'j igjt-ej&fc l r *> 

<fcv\ *^06t^J:5fc. £1&5 5crtF%ffii£c 

±.izmmm 3 6 s-^-a--^ ? rs-tfc t j n. 

[0 1 583 »:lcH93Srv»LHl4tt, Hlfcr^fjfK 



[0159] 09tC^tlST'tt, ^-7D-f^>/ 

x hzt'vmvtmix'BfoztiKTMi'-ii' m 2 ocr> 

Uz. TJl$1-%ZOt&miftX'B\tL2ixtiT®** y 
7-121 ZBtitf-Z. 

[0160] WzmiTmv -r 7*12 1 Jr.<0£Bfc68 
5vg!n3^^2 2£*M-TI>£li!3 1 cD&l£j£H 
-?& . **rS!ETaWf + y 71 2 1 _tfcT a &fc*<7>Tit6 
1 2 3&tf N i F e C r&&&b'0#mWt*®m 2 4X' 

ffitfLZtiz is- h \s4 2 5 zBmh . mzmiis 

- H W 2 5 «±(C P t M n t"C?&£3 iut 
^jattl2 6Sr®fig.-ri,„ $A,tfmeR^JKttl2 6 
<0±tC. N i Fe^^fc^tt^T'^^ix^Sje 
©tt®2 7. Cu/jrt'-CJB^n^Hatt^mi2 8. 

n i f e^afrircEjssiifc? y -«aiti 2 9 . my 
[0161] i^@4 t^-r^iai4 6 * jfcjgTrM;: 

tt. la^ffittl 2 7K#7 y -©ttl 29^7x'J« 
KzLXmL-ttO&Z.^. 4fcH5K:*1-#lJg4 9trB£ 
H?E7 y-Ktt!2 9<9±fc:;\'>y ^ H14 
7&tX«ai4 8SrjSKLTBtflS^llg4 9 Srtfjfrfft 
(fJ:l\ i^08fc^^a^5 5S-fiySi-S(;{i. mf 

127 1> -mm 2 9«o±tc § ^ izim&mmm 5 2 . 

BS©tt« 5 3 . RStiattl 5 4 at/fiSMl 3 0 £$Jg 

[0162] HKlzm9 iZyfctX 0 tfBfiftgl 3 0<7)± 
<7)+*^»fc 0? h tymw Vx M5 7 ^^flil 
S • S^ltlgt i 9 . 09 icSct i d tcfi 
fei^*XM5 7tf)TB5 7bK{i, ^0S^gi55 7 
a, 5 7a*5g(t4>^S. 

[0163] mzm 1 0{C*-riST'«. liflBU'i''X h 
15 7£±oT?g;b;fmvkv^Jl|g3 1 CD b5 y 
*[6J (®SX^|»]) {CtJ{t*W0B««3 lb. 3 1 b£ 

[0164] *mmiMS.§rmm 3 1 <o Baiewfii^ 

3 1b. 3 1b£. T&¥w7m2l<7)±M (fiSMffi 
fiix!)*5l^^^ji52 1 a) ^'Sai-rSSTgE<x.y^- 
>^tiOMOiitrfcft. S§fi^B5ffi^llS3 lOPi 
ffl^ffi31a, 3 lali. b5IH>— KV-f -^12 5<0T 

m^&mm 3 0 ^ffitc^-r-a^ LJtMMffifc % 0 . 
i<7)pm^a3 1 acofiiag«jii2 1 aizm-zm* 

mM<?)ftmttlXBf&X'Z&tiit>. mai70-®&m 
2 9<r)h7v7ffiT[ln (0SX*|fi]) aflhfifefcjjfjetf) 
ft^^r^L^tv^. ioT*^BB(ciiUfl5ie7 
'J -JSttl 2 9 CO h 5 >y ^ (S^TlfijC tilt 4 @-+&<i^i6 

^LTv^§^£«tot*<^is$iisi<. mem 
Wfrvmsaum < mmizm&mi$:£%ML 
ftz^mmmc tu^xxaim: h 7 y ( m a s 

-Tw) ^Sr^cy)4i^-S-c^T# . ^ico«h77? 
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[0165] 1 1 "TO. B5fe£lflg3 1 cOffiBlfR 
1*3 1 blC^aiL;ttlMM2 1 a±fcffiLBfJ13 2 

&g£4>fc». iw§aj£±«fJ13 2cD£ 
mm 3 1 {ffl^^tiS 3 2a tfmU$>m 3 1 <DMI!i&gffi 3 
1 afcfiW"6J:dtt4. fl 1 1 Izvct* o fc. Mfait 

±tfS3 2<ox^-/^jaasi±, mwimi 1 a^sE 

y^tk^AIMKtt. 0* BLhTlO* Jsrrc**£fc 
4W4U». ■«r*>^flKK±lf«3 2li, mBEM 

2 1 aiizMLTii&mmmipiwvfiSMztih. 
[oi66] zntmmi uz^txdiz. mz&±.if 

M3 2<7)±M3 2 bfi. mfe$j£B52 1 aktm^mz 
ffMSft, fiif&J:ffi3 2 b J: D MMtztmthmiZ 
®«!3 l^lB«ffi3 1 aOjilfBiLtWf 3 2&ttmi 

[0167] %&mm±fm3 2<o±m3 2 but. m 
mmw&m 2 6 cots 2 6 a «t 0 i> ±.®£<imth x 

d£m$m±.lfm3 2Zfmt&ZkffmL\\ ttz 

m?M±ifm 3 2<r>wm\i. s 0 kmx-h&z tm 

[0 168] ittmi-eit. mm±.vm32£. & 
ftWfePb c c «jt<^ssK"c®j£t* i t wm L 

Hiflft&fDgifcliC r , W, Mo. V, Mn, Nb, 
TaJWSam, Ztlt>lfm±.$>&Wi2m 
&±cr)7m£M1R-t& z k tf*im?$>Ztf* *miXli 
*$fcC r JgTBOiaiBLBf a 3 2 tX/t-y fimtt Z k 

[0169] *>&Wivm&±.l?m3 2£A \ Z 0 3 *?S 
iO,=ar^ieiittflfcJ:->r«RLrtJ:v\ i<W» 

is, mssk&f. m 3 2t tu** vzrm2\t -casus 

[01 70] &fcHufflg±ffB3 2£. 4*y\L-AX 

't* * >-m*>Srffl^T XJ* ••/ ff&mt h Z k t>W 
*U*. &WJ.T<7)JMX'&mZti&>VTZT®m3 
3. M-HVUTX13 4. +11^3 5. €ffi«3 6, 
&tf£gJl3 7 i> ifcjjecoxn'^fjffifcj; ^T)£i 

[0171] aocHi 2^-rxe-cjis mESLttfJi 

3 2<7)±ffi3 2b*>^,|?S^lffi3 l<7)Wlffl5gM3 1 a 
(3WT^TXT16®3 3S:^A-.y^Bg)8-ri,„ @i 

2fc^J;3t. mgi'<4TXTim33\i^ tm&fc 
K2 1 aosffittft] (W*zm) IZMIX. %2<nx 



m^2<nx^m=i-mnw.e2\t. Mtmwn 

5' U±T6 0* ITFX-jb&Zbtf&ilW £W£ 
L<t±3 0' tLht'6 0 4 

[01723 -t^h-hmtf^ TXTm3 3{±. jsLt 
\m32<m$.<r>b % J: 0 fliilBBjfcif 2 1 acOIIE 

^ifi] t*t lt J: <o ®\ ^wmx^ ■/ mmtit . 

^O^y>0 1 2t^-f J: o tME^V rxT«H3 3 

md&±}fm3 2±.<r)*%ti>-?. mizmm \<r> 

MI9JgiS3 1 a_Bci>|£f?$:h/H-V\ KtiZOXolZ 

mi'U r xrm 3 3 tftsie^jf ig 3 3 vmmm 3 

1 a±KgtH^)£$iXl.i:^l±. I^UTXT«6il3 

3{iMe7 0 -mm 2 9mm®®iztTnm&2 
y *j -m&m 2 9 <7)mm^m<r>TmtTi^mmix^ 

tcKXhfrtfrftW ttiffiB'^TXTi&S3 3iim 

mmm3 3(mmmm±tzmta-trm£m±^3 1 

UzwfrBflLZtiX v vt t i v \ 
[0 1733 £fc*f£l3rCli. fr£^j£li2 1 a±t^ 
fS&il?zm±.im3 2 tfU YXTtm3 30)®g.£g_ 
Lfctt&RJW 1 Ji. mie^- K M -fS2 5SIARK 
iSttl 2 6 comm^S. Lfctt^KJiH 2 <0 3 0 %J3Lhfc 
=3:1. J: dt. 01 1 XSB#OiLhlf ^ 3 2St/01 21 
&te>/<4 rxTtfi® 3 3 SriSK^-l, c: t L^. 
^tJfiie.'^ TXTifi^ 3 3 coK^i 3 5 AfeltT 5 0 

W&ismH 1 Srflfi^^K^H 2CD3 0%«±ftl> 
*c«. ioaSJiff«3 2<0!SSSrai lXgi^(ci>|,e 

[0 174 3 ClixtioT, ft.0>XW$iZf&m%tlhJ\ 
- W Txm 3 4 $r . flyE^lM3 1 tf)Wffl!l#«£3 1 

brtfc^v^r KvMM(c»ift'c* . vju rx 

m 3 4 Sr twie7 U -figtt® 2 9 cOMfflt+^^S^Srfif 

[0 1753 4^Huiemi)2 1 a±fctrtt4iHE><4 
TXTJfi^ 3 3 <T)±M 3 3c^ s lulE7 , J -®ttS 2 9 
cO-ra29aJ9iTfflf=ftSt&<i:p{e. @1 ng 
^f{Cfcttl.JS±tfS3 2Rim\ 2Ig^{Cfc(t^A'>f 
TXT«!l«3 3<7)^5:ai)JtcPSL^*^XM-.y 

TXl 3 4 £ifi27 'J -Stt^ 2 9 <0Pf{BK-hft£ft£» 

[01763 4^fiii7 o ~m\tm 2 9<mmm^ 

it£miJUTXTt&l§3 3<r>miSB&m2 laiffi 
%1i\SHzt3V2>®Ammfi\ mflB^KJf H 1£7)0%U 
±-C7 0%tlTi:^2»a:5(c. ft#^J«i. BS12ft*)g 
Ji^OAWXX'l OOAOTt^Siec, fe^vMiJ: 

±t-5 v%mk %h xoiz. Mimizimsd&mm 

#2 0AJ,:LtT'5 0AmTfc&i>J:dK, XJ^yftm 
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fc##£U*. nilt;7'J-^tt^2 9<?)^ffl{cf=f*-tl, 
«BK4 TATJfi® 3 30lSJS3& ? ±!a^)iJ¥tLliT^ 

< % o-rr . mie? y -jseji 2 9 oe^^aiEtc 

»2 9<^Pillt«jfiSil4yW T^T«13 3^)«W* 

13 4 j&x^am rmft* m£y y -fi&ttig 2 9 t+ 

£ £8oT{R&-C§ . ME7 y -KttS 2 90) 
C 0 1 7 7 ) ifc*«WCI±, mIEaM rxTJfi^ 3 3 

s- . &fMtif*<b c c w&n<kmm:Bm-z> ztm 

£K. ZO£o%£m&b LXiiC r. W. Mo, 
V, Mn. Nb, Ta(?)ot>^-ftlfrimik*MiR.T 

a- v>u Tzm3 4 vms^m* h c pmmz 

[01 78] ttz±MLtz£oiz&±\fm3 2i>CrWl 

x-B^-ti t , m 1 1 im&n&Bf m 3 2mm 1 2 

ZDSSwC-f TXTJftl 3 3 £7)XA-.y ? j£Bg£xA «y 9 

[0179] ^i>luieS±ifii3 2 t^q 7*xTi&B3 
3Srifct|^t^SKt®JSt^^imieJS±(f«3 2 
fc AM TXTtfil 3 3 fccO^lfcRqjJSIfc&oT Ltd 

a*. x^-,m i i-mn^.^tx2wmcr)XJ^ym 
mn^x^hif^Mt. mm±im 3 2 1 am tx 

Tffil 33 b £*££l*yEM*(ci oT«WfT^ *> . 
[0180] t^WlTIi, i§oie©fi!tffi2 1 a± 
tyftSSftfclUiJf 1 3 2&tf AM rxTifiB 3 3 cOgf 

7 y -JSttl 2 9^«Mfc#jfc&*ifc«fi»/'(4 T-XTJ& 

m3 3<?)m&i£4mzm<mf8.ztLhi)\ zcox 3 

£ 2 g^cox; *v?fm$:?r-oX^ht VMr?& Zbtf 
~*imxh&. %}5JS±lfM3 2RWUTXTtm3 3 

om« %mmzm &fm<?>mimjE.mzn *xizm 
2. 3xi$L<mwifzcox\ z*>t>£4mahfz\,\ 

[0181] iXizmi 3{c*-riST'li. ME/tf TX 
Tifil 3 3±{CC o P t C r SMZt'lzX KAM 
T^B3 4SrXA.y^j£|i^|,. *%tyX1Z. XlSLfc 
i 3 t3|ulS#lS3 1 0)MmWM3 1 b HJgJJf M 3 2 
£ft£LT&9» ^itti;oT1iiia&±tfl3 2±(;A' 
4 TXTWS 3 3 £ft LXBf&£1\h a- KaM 7Xf 
3 4 5:. 79-©ttl29c7)MHIt+^«£a^LT 



*ffilcioT^Rl§ii^!SlSm^.yK(cJ:^lf. rate 

a- kam r^ffl3 4 *><5><o/\M rx^^^tciuie 
7 y 2 9 . iwfe? y -figtti 2 9 <o 

[0182] ifc+SMTCfcL m£aM 7XTtt!i3 3 
C0TK^-KM^JI2 5&tf£&g*ttJl2 6*«3 
fiTl^v^^iJiB/^ TXTJS13 3<rM3Mfa£M 
Wlzmz.&ZttfX£. X^XmM^TXTmM3 3 

±cM§^niA- kam 7xi 3 4 cofiuayj £S 

#>hz\t&X*$l. 

[0183] t£*2&Hjj-cii@ 1 3C^-rx@l§(ctJ^ 

*c, ma^-'WTxm3 4cr>±m3 4hi)K mi? 
y -wm 2 9 cr>±m 2 9 b x 9 txratettf-s i 3 

{C . » n- ^M 3 4 £ & C fc *«i L 
V\ 

[01841$ ^tcjD^T . B0f£A- Ky\M TX® 3 4 
<0T® 3 4 ffE7 9 -Bttt« 2 90TB2 9 a J: 
9 tTffllK&S LT \> Wi. fine? 9 -®tt« 2 9 cop 
msSM^M2 1 afcTff^lSKCfcft^MIB^ 
•J 2 9 SHrttC^M TXTmm 3 3£it 

LTA- KA*^ TXS 3 4<0*#*tl*rt&fttf>. MISa 

- k/nm rxm 3 4 *^mie7 y -mm 2 9 j; 9 
-HKtAM rxs*^^T# . i 9ar«j(ci«a7 y - 

[0185] SEa- hVsM TXJi 3 4 $rX A y ^^Jg 
Ltztk. tuifiA-KAM TXii3 4±tTa^ri:<7)4'S 
Jl3 5l:XA.y^j£Jg-fl». 

[0186] mzm 1 4 fc^txg-cii. laia+ss 3 

5±fcC r-^Au^rfc'c7)«ffig3 6SrXA.y^^t^ 
3 6<0±(CT a^r t'cOfilgS 3 7 £x A 

[0187] -?-LT014^-ty7h3r7fflcOP>'*X 

y 3 8&V±g|5^-^ Kg 3 9 <! 

tx.mi tz^-tmmm^y vws&ti . 

[0188] tLhcoi 3 fC*H?fl-e«. wfiB^BIg3 1 
±{=-ocr>y y h^ym<nvvx VM5 7Zm^&z\b 

x\ mi^mm3 i<vnmmi&3 1 bcox-yf-y^x 
Rxmsmmmm3 1 b±T'cojs±{f^3 2. 

TXT&m 3 3. /v HAM TXl 3 4 . *fS]^ 3 5 . 

3 6 msmm 3 1 o>xn ^ tws&mLLx'tt 
*>z\btfx%h. zntzfr^nwmimm^Mtt 

[oi89] tfzxmixit. msi&Bm 3 2mm 

^tJ3{t&mi^)XA->y^a^AW^S<9 1 ZwiSi'U 

rxTim 3 3coBfmizm&m2cox/*y n^-x 
%ft®.e 2 j: 9 < -f i» c t x\ mm.±.wm 3 2 

SI^/nM TXTWS 3 3 Zmtizm<5l<7>B#X'Bl8X 
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m 3 4 £ y 0 -S&WE 2 9 c7)MfflKc-H>5r*ffi^# IX 

t o 1 9 o ] mmeRtm7iz9r:i'j: §-mm±. 
izwmm 3 6*«^-a'-7 y rtfciunBft'v? k £g 

Jt-Tl»t<i, 014Igom©l3 6?)Jg&B#(;:. A/-? 
>y ?#!*]£<]: OiKtTmEU^XhlS 7<0THfc®fiE 

5 7 arttcfriemffii 3 e mmis. 

Ztl&Xolz-fZ. £;h.£J:oTS<lIB€©l3 6£gi|iB 
[0191] 

®&m t X'<r)%>mm?mw%m*: Twa> & ±fi £Aftr 
&&2ti&'U TxTwawTmizimiis- h- 
mm&$Mm^LxB&ri>z\ktfz'%h. x ->x 

ffiSl'U TXTmm<r)±.tzBi$&ti%,><"< TXM<D&m 
?>£mihZ>ZtffTZ&. tt:®5M%byv7m (M 
ag-Tw) £/h$<T'£. ^tl^&h 7 

[0192] L*>t>*%BJK'li. fln^x'-r TXTiftJItf) 
TtOK±tfJI£JBj£t£. Ztilz&~>ximi>V TXT 

imni.izBifiZh&JVTxmz. mB^mmcnm^ 

ffimx-ammizBf&X'Z . 7»J-J8ttS^Mffl!(c+ 

iz&mzm&x-z . mis^ y -«e®<o^tcom®EiL 

[HHW©*=5:i^BB] 

[iai ] *^fc*j»t4si onsegfflK^BKsa^A.^ 

H £fe»&fti: Ott l*lffiO!l#> &£S!#»rul!0. 
[02 ] HI (C^-f i?JHK^-y 
£g5#BR®0. 

[03 ] *^tfc»t^S'Ic7)|li»g.liOSf)iia^,^>y K 

[04 j ^^\zmh^2<rmmm<nmwm§s^y 

[05 ] *^HgfcfcttS^3<7)||||}g@<r)»J^ai\^'/ 



H2rie^SE«£t<7)»l&Iu5lffl*^a^S^HWDS0. 
[06 ] *^(cfclt^m4c0HiSg@.<?)Sm^'s.y 
K£i2^j!£<fci <^fiM8a>£>S£S!^ffi0. 

[07 1 ^UBiiicfctts^s^iims^inam^-y 
m8\*wNzm&&6<mmmmmss^v 
[09]0i iZKi-mmm*^-/ vvmkumznit- 

XS0. 

[010] 09(3^I;g<7)&Kfffc*U-i;g|a. 

[0 1 1 ] 01 0fc*tJS«sjc«dfi»h.4-iiBH, 
[012] 01 iiz7fi-?xu<v&iz?ihti&~jLnm. 
[0i 3] 01 2£7F-tim<v&izfTbti&-j:wm. 
[0 1 4 ] 01 3^-ti.uc?yduzfihti&~j3m. 
[015] «*(cfc{t-5iiiuam^y vtw&mko 

[0i6] ^wmmmm^v *kHMLxtsmti& 
[017] *mimmms.^v vtmLxwrn^^ 

2 0 T&is-tim 

21 T®**'vTm 
21a «JSH 

2 2 OSUSfiKMI*?- 

2 5 S'-KW-rJf 

2 6 RSUSttS 

2 7 EDg&ttS 

2 8 immnm 
29 ^y-Btei 

30. 48 mm 

31, 46. 49. 50. 51. 55 £J|Jg| 
31a. 46a. 49a. 50a. 51a. 55a 

(zmmcD) mm%w 

3 2 !Lb«fJi 

3 3 /UTATt&M 
34 VN-hVWTX® 

3 6 worn 

4 7 A<y?KJf 

5 7 I/yXM 

Mag-Tw ®$m%hyv7t& 
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[HI] [02] 
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107] [08] 
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(51) Int. CI. v « FI r-7*-K<##) 

H0 1L 43/12 GOIR 33/06 R 



<T2)mm est mm (mmm m n%. 
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P?-A(##> 2G017 AA01 AC03 AC09 AD55 AD63 
AD65 

5D034 BA03 BA04 BA05 BA12 BB08 
DA07 

5E049 AA04 AA07 AA09 ACM AC05 
BA12 CB02 GCOl 



